Objectives: to verify associations between maternal depressive symptoms with child malnutrition or child excess weight.
Introduction
Low weight or excessive weight gain are related to various health problems in childhood, as observed in the United States in children aged between 3 and 6 years. 1, 2 The prevalence of overweight and obesity has increased worldwide. 3 This trend is also being observed among children. 4 In Brazil, in a cohort conducted in Pelotas -RS, with children up to 48 months, a prevalence of 12.2% of excess weight in children was found. In the same study, a prevalence of 1.7% for undernourished and 3.6% for malnutrition was estimated. While excess weight in infancy is becoming more frequent, malnutrition and low weight are declining. 5 The role of maternal depression in the development of the child has been questioned in the literature. 2, 6, 7 It is known that gestation and the puerperium are periods of a woman's life involving innumerable physical, hormonal and psychic changes, which may impact directly in her mental health. Studies show that about one-fifth of women has depressive symptoms in the gestational period and that undiagnosed and untreated psychiatric disorders in pregnant women can lead to serious maternal-fetal consequences. 8, 9 Mothers with depressive symptoms tend to have difficulty in establishing a bond with their children and are thus more prone to early interruption of exclusive breastfeeding and early introduction of complementary feeding. 5 Ertel et al., 1 found that children of mothers with symptoms of postpartum depression presented a higher degree of excess weight than children of mothers without depressive symptoms. Surkan et al., 10 found an association between prenatal depressive symptoms and the development of overweight in children aged between 6 to 24 months.
In developing countries children of postpartum depressive mothers have a higher risk of being malnourished. 11 Rahman et al., 12 reiterate that the reduction in prevalence of prenatal and postpartum depression could lead to a reduction in cases of child malnutrition of up to 30%. They also verified that children of mothers with depressive symptoms had a higher risk of growth deficit and of contracting gastrointestinal infections, such as diarrhea. 12 Harpham et al., 11 detected a 1.4-fold higher risk of malnutrition among children of depressive mothers in India and Peru. However, this association was not corroborated by several other studies. 13, 14 Studies on the association between maternal depression and child nutrition present controversial results. There are few studies evaluating these associations between maternal depressive symptoms in prenatal or in the first years of child's life and child excess weight or malnutrition. Thus, this study aims to examine whether there are associations between maternal depressive symptoms with the development of child excess weight or malnutrition.
Methods
This prospective cohort study was performed using data from the BRISA project (Brazilian Ribeirão Preto and São Luís Birth Cohorts), which was performed from January 2009 to March 2012. The studied cities were São Luís -MA and Ribeirão Preto -SP, but only data from São Luís prenatal birth cohort were used in this study.
The sample was obtained by convenience, due to the difficulty of obtaining a random sample, since there are no lists of pregnant women doing prenatal care available. Women were recruited in four prenatal and ultrasonography services in São Luís -MA. We interviewed 1,440 women with singleton pregnancies and gestational age from 22 to 25 weeks, confirmed by obstetric ultrasonography performed before the 20 th week of gestational age. At birth, 1,381 women attended a new interview and 1,377 were evaluated again in the second or third year of child's life.
In the prenatal period, a standardized questionnaire and the Center for Epidemiologic Studies Depression Scale (CES-D) 15 were applied at the time of the interview. Identification data, as well as socioeconomic, demographic, sexual and reproductive health ones were collected.
The variables collected at the prenatal interview were maternal age (< 20, 20 to 34 or ≥ 35 years), marital status (single, married or consensual union), maternal schooling (1 to 4, 5 to 8, 9 to 11 or ≥12 years of study), self-reported skin color (white, black or brown), number of children (1 or ≥ 2 ), planned pregnancy (yes or no) and monthly family income in minimum wages (MW, equivalent to R$ 788 reais in 2015, and classified into MW ≤ 1, 1 < MW < 2, 2 ≤ MW < 3, 3 ≤ MW < 5, MW ≥ 5).
At birth, two questionnaires were used, the first one on maternal characteristics and maternal morbidity, and characteristics of childbirth. The second one was about characteristics of the newborn, including anthropometric data. The gender (male or female) and birth weight of the child in grams (< 1500, 1500 to 2499, 2500 to 3999 or ≥ 4000) variables were used in this study.
In the second or third year of the child's life, a standardized questionnaire was used to collect sociodemographic data and anthropometric charac-teristics (weight and length/height). The studied variables were age of the child in months at the time of interview (12 to 23 or 24 to 32 months), weight and length/height. In this interview, the Edinburgh Postpartum Depression Scale (EPDS) was applied. [16] [17] [18] The weight of children was measured using Filizola ® electronic scales, by direct measurement with minimum clothes for children ≥ 2 years. The length was measured by Alturexata ® wood anthropometer. The WHO measurement technique was used. 19 Children under 2 years of age had their length measured immediately after their weight had been measured, keeping them naked with their backs to the surface of the anthropometer, feet flat on the stirrup, legs in extension, spinal alignment and central look. Children aged two years and over had their height measured without the use of shoes, socks or other accessories.
The excess weight was evaluated by the z-score of the body mass index for age (BAZ). BAZ 2 zscores above the mean for each age and sex were considered as excess weight. 20 Malnutrition was evaluated by the z-score of height for age (HAZ) as proposed by Onis et al.. 21 HAZ 2 z-scores below the mean for each age and sex was used as the cutoff point to detect malnutrition. Z-scores were calculated in the WHO AntroPlus ® software version 1.0.4. 22 Prenatal maternal depressive symptoms were identified by the Center for Epidemiologic Studies Depression Scale (CES-D), elaborated by the National Institute of Mental Health. The CES-D scale is based on a planned inventory designed for populations with non-clinical diagnoses that aims to identify depressive mood symptoms in the last week before the interview. It is intended for application in population studies. The scale includes 20 items scored from 0 to 3 points with a maximum score of 60 points. The answers are ordered from never, seldom, most often or always; items 4, 8, 12 and 16 are inverted, as they evaluate positive aspects. 15 There are studies on the CED-D scale that indicate a sensitivity of 0.95 and specificity of 0.70 for clinical depression compared to the Diagnostic Interview Schedule for the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). The cut-off point used was based on studies by Li, Liu & Odouli, who proposed a cut-off of 22 points or more for detection of severe depressive symptoms. 23 In the evaluation of symptoms of maternal depression in the second or third year of child's life, the Edinburgh Postnatal Depression Scale (EPDS) was used. It evaluates the presence and intensity of depressive symptoms in the last seven days. The scale contains 10 items scored from 0 to 3 points, added to a maximum score of 30 points. Items 3, 5, 6, 7, 8, 9, 10 are reversely scored, since they evaluate negative aspects about the women's depressive state. There are studies that report sensitivity of 0.68 and specificity of 0.97, with positive predictive values and negative predictive values of 0.91 and 0.89 for the 12-point cut-off. This study considered the cut-off point ≥ 12 to indicate maternal depressive symptoms. [16] [17] [18] The data were analyzed by the Stata ® software version 12.0 (Stata Corp., College Station, USA). Descriptive and analytical analysis were used for sociodemographic variables, nutritional status of the child and maternal depressive symptoms evaluated by the CES-D and EPDS scales, describing mean, standard deviation and frequency distribution. A 95% confidence interval was also calculated.
The chi-square test was used to investigate the unadjusted associations between maternal depressive symptoms and infant nutrition. Logistic regression was used to estimate odds ratios (OR) adjusted for the confounding factors: maternal age and the number of children for the outcome child malnutrition. The models were adjusted for maternal schooling, number of children and family income for the outcome child excess weight. The level of significance was set at 0.05.
The variables suggested to be included in the minimum set of adjustment for confounding were identified by means of a directed acyclic graph (DAG) in the DAGitty ® version 2.3 program ( Figure  1A and 1B). DAG is a graphical tool that assists in choosing variables to be included in the adjustment following the back door criterion that minimizes problems of bidirectional covariance. 24 In compliance with Resolution 196/96 of the National Health Council for the regulation of research with human beings, in the present study, the interviewees were invited to participate in the research by agreeing and signing the Term of Free and Informed Consent, being allowed to withdraw without harm for them or for others. The research was approved in the Research Ethics Committee of the University Hospital Presidente Dutra under opinion number 4771/2008 -30.
Results
In the sample of 1381 women, 81.3% were aged from 20 to 34 years with mean age of 26.1 years (SD ± 5.6). There was a predominance of self-reported brown skin color, with 68.4%.
As for family income, 70% lived with up to two minimum wages. The prevalence of symptoms of prenatal depression was 27.6% and maternal depression in the second or third year of the child's life was 19.8% (Table 1) . There was no difference in maternal socio-demographic characteristics among mothers who appeared or not at the follow-up in the second or third year of child's life (Table 1) .
In the follow-up, 98.8% of the children were aged 12 to 23 months, with an average of 16 months (SD ± 2.34). Prevalences of 6% of malnutrition (HAZ < -2) and 10.9% of excess weight (BAZ > +2) were found (Table 2) . No differences were detected in the characteristics of children, comparing those who appeared or not at the follow-up in the second or third year of life, except regarding birth weight. There was a higher percentage of non-attendance of children that were born with low birth weight ( Table  2 ). The associations between maternal depressive symptoms and child nutrition without adjustment for confounding factors were not statistically significant (CES-D p=0.377 for malnutrition and p=0.878 for excess weight, EPDS p=0.877 for malnutrition and p=0.884 for excess weight) ( Table 3) .
After adjustment for confounding in the logistic (Table 4) . Table 2 Comparison of demographic variables and anthropometric measurements of the children of the BRISA cohort, according to attendance at follow-up in the second and third year of their life in São Luís, MA, 2010-2011. 1 Height-for-age Z score; 2 Z-score of body mass index for age. Table 3 Unadjusted analysis of the association between maternal depressive symptoms and child excess weight or malnutrition, BRISA cohort, São Luís, MA, 2010-2011. 
Discussion
In the present study, no statistically significant associations were found between maternal depressive symptoms in prenatal period or in the second or third year of the child's life and child malnutrition or excess weight. Rahman et al., 12 in studies conducted in the rural community of Rawalpindi, Pakistan, 2004, found that children of mothers facing depression during pregnancy were four times more likely to develop malnutrition in the first six months of life, and this risk was two and a half times greater at 12 months of age (OR= 4.0 95%CI= 2.1 -7.7; OR= 2.6 95%CI= 1.7 -4.1). 12 Studies suggest that this association is linked to a lack of maternal care and related to a deficient mother-child bond, low family support, precarious economic situation and local customs. 2, 5, 6, 12, 25 In rural Bangladesh, located in South Asia, Black et al., 26 detected, in 2009, the same results as in Pakistan. This study demonstrated that children of mothers with depression symptoms were almost twice more likely to be malnourished (OR= 2.17 95%CI= 1.24 -3.81, p=0.007). However, no associations were found between maternal depression symptoms and infant malnutrition in the studies by Husain et al., 13 (2008) in northeastern England, with children of Pakistani women, and by Harpham et al., 11 in 2002 in three (Ethiopia, India and Peru) of the four countries (Ethiopia, Vietnam, Table 4 concluded 
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Association between maternal depressive symptoms and child nutrition India and Peru) where this last study was conducted. Anoop et al., 27 in a study carried out in the rural area of Southern India, in 2001, with children of mothers with postpartum depression symptoms, evaluated at the 6 th , 10 th and 14 th week, and at the 9 th and 18 th month after delivery, suggest a risk seven and a half times greater for infant malnutrition (OR: 7.4, 95% CI: 1.6 -38.5 p=0.01). Rahman et al., 12 in a study carried out in Pakistan, 2004, concluded that postpartum depression is associated with child malnutrition. The literature suggests that postpartum maternal depression symptoms influence motherchild interaction and, consequently, maternal care, increasing the risk of child malnutrition. 2, 5, 6, 12, 25 However, Harpham et al., 11 have shown that even in countries with high rates of malnutrition, like Ethiopia (38%) and Vietnam (16%), the results do not corroborate with those of previous studies. In our study, children of mothers with depression symptoms were not more likely to be malnourished either (OR: 1.09, 95% CI: 0.62 -1.89, p=0.768). Although the studies used the same instruments for weight measurement and assessment of depression symptoms, the results are heterogeneous. This heterogeneity of results may be due to socioeconomic and cultural diversity among studied populations.
In our study, there was no association between maternal depression and excess weight in children. However, Surkan et al., 10 in a study conducted in Teresina, Brazil, in 2002, found an association between maternal prenatal depression and overweight in children between 6 and 24 months, where children exposed to maternal depression symptoms in prenatal period were almost twice more likely to develop overweight (OR= 1.7 95% CI= 1.4 -2.2). The literature suggests that the lack of a mother-baby bond and the early introduction of complementary feeding could explain this association. 5 However, the same results were not found in other studies. Ertel et al., 1 in a study carried out in Boston, USA, in 2002, used two parameters to assess child overweight: subcutaneous skinfolds (subscapular and triceps), and the WHO Weight-for-Height (WHZ) index. Their results showed an association between prenatal maternal depression and overweight in children, considering the parameter of subcutaneous skinfolds, but not the WHZ. 1 The measurement of subcutaneous skinfolds, however, is no longer frequently used, due to great variation of findings according to the examiner and the method employed. Wojcicki et al., 7 in a study with US-born Latin children, also used the WHZ indicator to analyze child overweight and also did not find a statistically significant association between maternal prenatal depression and childhood overweight.
Wojcicki et al., 7 studied the effects of maternal depression in the postpartum period. They found no association with overweight (WHZ > 85 th ) or with childhood obesity (WHZ > 95 th ), in agreement with our findings. Grote et al., 14 in a study conducted in European countries, also found no differences concerning overweight or obesity comparing children exposed to maternal depression symptoms in the postpartum period with those not exposed. The same results were observed by Surkan et al., 2 in 2001, in a study carried out in the United States. In the unadjusted model, there was a statistically significant association, but after adjustment, the association was no longer sustained. 2 In our study, high prevalence of depression symptoms was found in women: 27.6% of the pregnant women had symptoms of prenatal depression and 19.8% of the women had symptoms of depression during the child's second or third year of life. In developed countries, these numbers tend to be lower. Ertel et al., 1 Among the limitations of this study, one of them is the fact that we obtained a convenience sample, due to the difficulty of obtaining a random sample of pregnant women. Another limitation was the use of self-administered scales to indicate depression symptoms and also the fact that clinical diagnoses of depression were not performed. However, the use of scales is frequent in epidemiological studies. Two scales were used to measure maternal depression symptoms in two moments: the prenatal period and the child's second or third year of life. This may be a limitation of the study. However, no comparison was made between the prevalence of depression symptoms in the prenatal period and in the second or third year of the child's life. Among the highlights of the study, we cite its prospective design and its large sample size.
Therefore, in this study, no significant associations were found between maternal depression symptoms and the development of child malnutrition or excess weight in the first years of life. However, a high prevalence of maternal depression symptoms was found in both periods (prenatal and in the second and third year of the child's life). Therefore, health professionals should be aware of this high prevalence in order to perform screenings for depression symptoms during these periods and to refer the possible cases for diagnostic confirmation and follow-up by specialists.
